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Date: 28 June 1988
S

Progress Report on Contract N00014-86-K-0396-P00001

Principal Investigator: Dr. Sol M. Gruner

Contractor: Princeton University

Contract Title: Lipid Dependent Mechanisms of Protein Pump Activity

INTRODUCTION:

The physical parameter of lipid bilayers which modulate the activity of integral pro-

tein membrane are not well understood. It has been proposed that the value of an elastic

parameter of the lipid monolayers, known as the monolayer spontaneous radius of curva-

ture, R0 , is important to the activity of certain membrane proteins [1]. The overall goal

of this research is to test this hypothesis. This involves three objectives:

1) Develop methods of measuring the spontaneous radius of curvature of lipid membranes

and better understand the physical effects of varying Ro.

2) Correlate the activity of a well characterized pump protein with the Ro value of the

imbedding bilayer. If Ro is important, then the pump activity should correlate with

Ro, not with the specific lipid mix used to achieve a given R0 value.

3) Determine if bacterial membranes act to keep R0 fixed when the bacteris are forced

to alter their membrane lipid composition.

PROGRESS:

Objective 1). A method of measuring Ro for pure lipids (e.g., in the absence of protein

has been developed [2,3]. However, it is desirable to develop methods which operate in

bilayers containing protein and over a wider range of R values. There is evidence that

the 2 H-NMR quadrople splitting, AQ of deuterated lipid chains may correlate with R0

[4). Toward this end, the use of perdueterated compounds as Ro probes was investigated.

Relatively inexpensive lipid analogs, such as perdeuterated alkanols were found to strongly

perturb membranes at levels required for good NMR signals. In consequence, perdeuter-

ated phospholipid was recently synthesized. We are just now beginning to correlate the Ro
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values measured by the x-ray technique to AQ. This work is being done in collaboration

with Drs. P. Cullis and C. Tilcock of the University of British Columbia.

Work has also been performed on understanding the physics of Ro variation in mem-

branes. An apparatus has been constructed which allows x-ray diffrction studies of lipid

suspensions at pressures of up to 1000 bar. As expected, Re appears to be very pressure

sensitive. A note describing the pressure effects will be submitted for publication in the

near future.

Objective 2). In collaboration with Drs. A. Janoff and M. Jaworsky of the Liposome

Co., Ca++ ATPase from rabbit sarcoplasmic reticulum has been reconstituted in vesicles

of binary mixtures of the lipids DOPE, DOPE-Me and DOPC. For each mixture, the pump

activity (moles Ca + ' pumped/moles ATP hydrolyzed) and the Re value of the binary lipid

mixture were measured. It was found that the activity correlated simple with the measured

Re values, that is to say, when pump activity was graphed against R, all points fell on

a simple smooth curve. Different binary mixtures which had the same R value yielded

similar pump activities. Control experiments are being done to see if the correlation is

due to systematic variation in the vesicle sizes with composition. A publication describing

these results will soon be prepared.

Objective 3). Lipid extracts of bacteria grown under conditions which cause the lipid

composition to vary were examined to see if Re was being held constant. Unfortunately,

we have been only marginally successful in measuring Re values on these lipids because

the R 0 values appear to be outside the range of our present techniques (whence, objective

#1). In consequence, we are switching to another strain of bacteria which, we expect, will

yield small R0 values. These cultures are being grown now. These experiments are done in

collaboration with Dr. R. McElhaney of the University of Alberta and Dr. G. Lindblom e

of the University of Umea, Sweden.
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WORK PLAN:

1) Sufficient quantities of perdeuterated lipid are in hand. We intend to proceed imme-

diately to correlate the 2H-NMR of these materials with R0 values derived by x-ray

diffraction.

2) The Ca + + ATPase will next be reconstituted in a broader range of lipids. Systematic

control studies on the vesicle sizes will also be done to insure that the observed corre-

lation is not simply a vesicle size effect. It is also known that R. is a sensitive function

of pressure. We will map out how Ro changes with pressure for representative lipid

-mixtures. It would be of interest to see if the correlation of pump activity varies with

pressure as expected from the variation in R0 due to composition.

3) We hope to have enough lipid extracts from new bacterial cultures by late summer to

proceed with R0 measurements. We will first use the x-ray diffraction measurement

procedure. If difficulties are encountered with this, we will have to wait until the

NMR method is refined.

4) Investigation of the effects of lipid spontaneous curvature will be extended to oligopep-

tide membrane channels, as discussed in the continuation application for this contract.

INVENTIONS: None

PUBLICATIONS AND REPORTS (YEARS 1-2)

1) E. Shyamsunder, S.M. Gruner, M.W. Tate, D.C. Turner, P.T.C. So and C.P.S. Tilcock

(1988). Observation of inverted cubic phase in hydrated dioleoylphosphatidylethanolamine

membranes, Biochem. 27: 2332-2336.

2) E. Shyamsunder and S.M. Gruner. An x-ray diffraction study of the effects of pressure

on H,, phase lipid. (Manuscript in preparation.)

''

3

... .........



DISTRIBUTION LIST FOR REPORTS

ONR MEMBRANE ELECTROCHEMISTRY PROGRAM

Dr. Martin Blank Dr. Huey W. Huang
Department of Physiology Department of Physics
Columbia University College Rice University
of Physicians and Surgeons Houston, TX 77251

630 W. 168th Street
New York, NY 10032 Dr. Israel R. Miller

Department of Membrane Research
Dr. William E. Brownell The Weizmann Institute of Science
Department of Otolaryngology-HNS Rehovot 76100
Johns Hopkins University ISRAEL

School of Medicine
720 Rutland Avenue Dr. V. Adrian Parsegian
Baltimore, MD 21205 Laboratory of Chemical Biology,

NIADDK
Dr. Marco Colombini Room 9N-307
Department of Zoology Building 10 O
University of Maryland Bethesda, MD 20892
College Park, MD 20742

Dr. Davis S. Perlin
Dr. Michael A. Cusanovich Department of Biochemistry
Department of Biochemistry Public Health Research Institute
University of Arizona 455 First Avenue
Tuscon, AZ 85721 New York, NY 10016

Dr. D. W. Deamer Dr. H. Gilbert Smith
Department of Zoology EG & G Mason Research Institute
University of California 57 Union Street
Davis, CA 95616 Worcester, MA 01608

Dr. Edward A. Dratz Dr. Michael E. Starzak
Department of Chemistry Department of Chemistry
Montana State University State University of New York
Bozeman, MT 59717 Binghamton, NY 13901

Dr. Harvey M. Fishman Dr. H. Ti Tien
Department of Physiology and Department of Physiology

Biophysics Membrane Biophysics Laboratory
University of Texas Medical Branch Michigan State University
Galveston, TX 77550 East Lansing, MI 48824

Dr. Sol M. Gruner Dr. Tian Y. Tsong
Department of Physics Department of Biological Chemistry
Jadwin Hall Johns Hopkins University
Princeton University School of Medicine
P. 0. Box 708 725 N. Wolfe Street
Princeton, NJ 08544 Baltimore, MD 21205

Dr. Felix T. Hong Dr. Peter Vanysek
Department of Physiology Department of Chemistry
Wayne State University Northern Illinois University
540 E. Canfield Avenue De Kalb, IL 60115
Detroit, MI 48201



ONR MEMBRANE ELECTROCHEMISTRY PROGRAM

Dr. Howard Wachtel
Dept. of Electrical & Computer Eng.
University of Colorado
Campus Box 425
Boulder, CO 80309

Dr. James C. Weaver
Div. Health Sciences & Technology
Room 20A-128
Massachusetts Institute of Tech.
Cambridge, MA 20742

Dr. George S. Wilson
Department of Chemistry
University of Kansas
Lawrence, KS 66045

~L



Annual Final and Technical Reports

ADMINISTRATORS

Dr. Igor Vodyanoy, Code 11415B (2 copies) Dr. Robert J. Nowak, Code 1113ES
Scientific Officer, Biophysics Scientific Officer, Electrochemical
Office of Naval Research Office of Naval Research
800 N. Quincy Street 800 N. Quincy Street
Arlington, VA 22217-5000 Arlington, VA 22217-5000

Administrator (2 copies) (Enclose DTIC Form 50) Program Manager
Defense Technical Information Center Biological/Human Factors Division
Building 5, Cameron Station Code 125
Alexandria, VA 22314 Office of Naval Research

800 N. Quincy Street
Administrative Contracting Officer Arlington, VA 22217-5000
ONR Resident Representative
(address varies - obtain from contract or Program Manager Defense Technical
your business office) Support Technology Directorate

Office of Naval Technology, Code-223
800 N. Quincy Street
Arlington, VA 22217-5000

Annual and Final Reports Only (one copy each)

DoD ACTIVITIES

Commander Directorate of Life Sciences
ChemicaT and Biological Sciences Division Air Force Office of Scientific
Research Army Research Office, P. O. Box 1221 Bolling Air Force Base Research
Research Triangle Park, NC 27709 Washington, DC 20332

Head
Biomolecular Engineering Branch
Code 6190
Naval Research Laboratory
Washington, DC 20375

Final and Technical Reports Only

Director, Naval Research Laboratory (6 copies)
Attn: Technical Information Division, Code 2627
Washington, DC 20375

Z2& 'z- .'.


